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in the Sichuan Basin of China, 2018

(]sing a geology-based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable mean resources
of 1.2 billion barrels of tight oil and 29.1 trillion cubic feet of tight gas in Mesozoic formations in the Sichuan Basin of China.

Introduction

In 2018, the U.S. Geological Survey (USGS) quantitatively assessed the
potential for unconventional (continuous) oil and gas resources in Mesozoic
nonmarine clastic rocks in the Sichuan Basin of China (fig. 1) that include tight
gas in the Upper Triassic Xujiahe Formation and tight oil in Lower Jurassic
lacustrine strata of the Lianggaoshan Formation and the Da’anzhai Member of
the Ziliujing Formation. Previous USGS oil and gas assessments in this basin
include a 2015 shale-gas assessment in three Paleozoic stratigraphic intervals
in the Sichuan Basin (Potter and others, 2015; Potter, 2018) and a 2012
assessment of conventional oil and gas resources in six major Chinese basins
(Charpentier and others, 2012).

Chinese national oil companies currently produce tight gas from the
Xujiahe (Zhao, Bian, and others, 2013) and tight oil from the Da’anzhai and
Lianggaoshan (Chen and others, 2015; Yang and others, 2016) in the central
part of the Sichuan Basin. The Xujiahe is a thick fluvial unit that includes three
widely distributed coaly gas-prone (Type III) source intervals, each generally
50-150 meters (m) thick and containing numerous coal beds that are a few meters
thick (Zou, Tao, and others, 2009; Zhu and others, 2012). These source intervals
are alternately stacked with three low-permeability sand reservoir intervals
(up to 40 m thick with individual sand reservoirs 3—8 m thick) (Zou, Tao, and
others, 2009; Zhao, Bian, and others, 2013; Zou, Gong, and others, 2013). The
Da’anzhai and Lianggaoshan contain lacustrine black shales that are rich in
Type I and II (oil-prone) organic matter (Li and others, 2014) and are interbedded
with tight reservoir units that include a shelly limestone (Da’anzhai) and a sand-
stone (Lianggaoshan) (Yang and others, 2016). The Da’anzhai is 0—60 m thick,
and the Lianggaoshan is 0—100 m thick (Yang and others, 2016).

Assessment Units

We defined the Triassic Xujiahe Tight Gas Assessment Unit (AU) within
the Triassic Total Petroleum System and the Lower Jurassic Tight Oil AU within
the Jurassic Total Petroleum System. These AUs (fig. 1) are confined to parts of
the Sichuan Basin’s relatively undeformed central uplift area in which sufficient
thicknesses of these units are present in the subsurface.

The geologic model for the Triassic Xujiahe Tight Gas AU is predicated
on burial of Xujiahe coal source rocks to depths of at least 4-5 kilometers during
voluminous Mesozoic nonmarine sedimentation. Thermal maturation modeling
indicates that these rocks began to generate gas in the Late Jurassic to Early
Cretaceous (above wet gas threshold, thermal maturity [R ] of 0.6-1.0 percent)
and achieved peak gas generation (1.0-1.3 percent R ) by the end of the Cretaceous
(Zhao, Wang, and others, 2010; Qin and others, 2018). Short distance migration
charged adjacent low-permeability sandstone bodies. The pressure coefficient in
the gas reservoirs is 1.1-1.5, indicating strong overpressure (Zou, 2017).

The geologic model for the Lower Jurassic Tight Oil AU comprises genera-
tion of oil through Mesozoic burial of oil-prone organic-rich lacustrine shales in the
Da’anzhai and Lianggaoshan and short-distance vertical migration into adjacent
tight reservoirs. Lower Jurassic organic-rich shales are currently within (and
slightly above) the oil window (0.9-1.5 percent R ) (Yang and others, 2016).
Chen and others (2015) reported that oil was present in fractures, microfissures,
and matrix porosity in the Da’anzhai. The Da’anzhai and Lianggaoshan are
separated stratigraphically by only 7-15 m (Yang and others, 2016), so both
are considered producible from a single hydraulically fractured horizontal well.
The Lower Jurassic Tight Oil AU includes those areas where the Da’anzhai or
the Lianggaoshan, or both, are 15 m thick and not within a fold/thrust belt.

The Sichuan Basin was strongly influenced by Cenozoic uplift and erosion
that caused leakage of hydrocarbons, a fundamental aspect of the geologic models
for both AUs discussed above. The basin underwent 1.3—4.0 kilometers of
uplift in the past 40 million years (Richardson and others, 2008). Fracturing
and faulting associated with this late uplift broke up the strata along the basin
margins (especially the northwest margin) and affected the central part of the
basin to a lesser degree. There is a hydrocarbon leakage risk associated with
this late fracturing and faulting.

Continuous oil and gas accumulations in the United States were used as ana-
logs in this assessment. Table 1 lists the principal input data used for the assessment.
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Figure 1.  Map showing location of the Sichuan Basin, China, and the locations of
the Triassic Xujiahe Tight Gas and Lower Jurassic Tight Oil Assessment Units (AUs).
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Undiscovered Resources Summary

The USGS quantitatively assessed continuous oil and gas resources Sichuan Basin Assessment Team
in two Mesozoic AUs in the Sichuan Basin of China (table 2). For continuous Christopher J. Potter, Christopher J. Schenk, Tracey J. Mercier
gas resources, the 'estlmated mean total is 29,065 billion cubic feet of gas (BCFG), Marilyn E. Tennyson, Thomas M. Finn, Cheryl A. Woodall,
or 29.1 trillion cubic feet of gas, with an F95-F5 range from 5,605 to 68,955 BCFG. Heidi M. Leathers-Miller, Kristen R. Marra, Phuong A. Le
For f:ontinuous oil resour(fes., the estimated I.nean‘ total is 1,227 million barrels Ronald M. Drake I, Micl;ael 9. rmmilil ’an d Janet K. Pi’tman
of 0il (MMBO), or 1.2 billion barrels of oil, with an F95—F5 range from
268 to 2,743 MMBO. The estimated mean total for natural gas liquids is .
138 million barrels (MMBNGL) with an F95-F5 range from 25 to 338 MMBNGL. For More Information
These resource estimates are for undiscovered, technically recoverable Assessment results are also available at the USGS Energy Resources
gas, oil, and natural gas liquids resources and do not reflect economically Program website at https://energy.usgs.gov.

recoverable resources.

Table 1. Key input data for two continuous assessment units in the Sichuan Basin, China.

[AU, assessment unit; %, percent; EUR, estimated ultimate recovery per well; BCFG, billion cubic feet of gas; MMBO, million barrels of oil. Well drainage area, success ratio, and EUR are
defined partly using U.S. tight-oil and tight-gas analogs. The average EUR input is the minimum, median, maximum, and calculated mean. Shading indicates not applicable]

Potential production area of AU (acres)| 1,000 |4,000,000 |16,400,000 6,800,333 1,000 4,500,000 11,800,000 | 5,433,667
Average drainage area of wells (acres) 40 80 120 80 120 160 200 160
Success ratio (%) 10 50 90 50 10 50 90 50
Area untested in AU (%) 80 90 95 88.3 70 80 90 80
Average EUR (BCFG, gas; MMBO, oil) 0.2 0.7 1.5 0.734 0.04 0.085 0.2 0.091
AU probability 1.0 1.0

Table 2. Results for two continuous assessment units in the Sichuan Basin, China.

[MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids. Results shown are fully risked estimates. F95 represents a
95-percent chance of at least the amount tabulated; other fractiles are defined similarly. Fractiles are additive under the assumption of perfect positive correlation. Shading indicates not applicable]

Triassic Total Petroleum System
Triassic Xujiahe Tight Gas AU 1.0 Gas | | | | | 5,404 [23,338]66,666[28,082] 20 | o1 [275 | 112
Jurassic Total Petroleum System
Lower Jurassic Tight Oil AU 1.0 oil 268 1,062 [2,743 [1227 | 201 | 827] 2289 983] 5 | 22| 63 | 26
Total undiscovered continuous 268 | 1,062 | 2,743 | 1,227 | 5605 | 24,165 68,955 | 29,065 25 | 113 | 338 | 138
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